T he article by Cammann et al 1 in this issue of the Journal of the American Heart Association (JAHA) is a welcome addition to the literature on transient Takotsubo syndrome (TTS) and cancer and is especially relevant in the rising field of oncocardiology. 2 Now, almost 30 years since TTS was first described, 2 reevaluating the purported association between TTS and cancer, their joint prognosis, and the mechanisms of reciprocal influence seems appropriate.
The Cammann team used the InterTAK (International Takotsubo) Registry, a large, multicenter TTS population database, to update the issues at play. In this study of 1604 InterTAK Registry patients, 16 .6% had both TTS and cancer (TTS-C), surely more than would be expected in the general population. Similarly, El-Sayed et al 3 reported that of 24 701 TSS patients, 14.4% had cancer (versus 9% who had orthopedic joint injury). Joy et al 4 found that 1.13% of 122 855 TTS hospital inpatients had cancer, whereas Brunetti et al 5 found that 6.7% of TTS patients had "present or past malignancies." Desai et al 6 reported that the incidence of TTS was 56 per 100 000 chemotherapy-related hospital admissions (and that cancer was found in 4% to 29% of large TTS studies). Tornvall et al 7 suggested that chemotherapy treatment is a more significant risk factor for TTS onset than the cancer itself.
The conflicting incidence reporting on patients with TTS-C may be because of multiple factors. First, cancer stage (initial and untreated, versus during chemotherapy or radiotherapy), and timing of diagnosis (at hospital admission, versus after treatment) could make a large difference. Second, the clinical diagnosis of TTS is neither simple nor consistent and requires strict, clear, unified criteria (preferably assessed by a single central committee). As mentioned by Cammann et al, 1 the only specific, reliable test for TTS is acetylcholine spasm-reproduction testing, as we discuss below. In this regard, many TTS investigators and oncologists are concerned about endothelial dysfunction, 3, 6, 7 typically focusing on vascular homeostasis as it relates to the effects of chemotherapy and radiotherapy on endothelial function, 8, 9 more than to coronary pathology.
Causes and Clinical Testing in TTS-C
Sudden onset of dramatic deterioration in left ventricle segmental function (usually involving 30-50% of the left ventricle, and shown by echocardiography or ventriculography as apical ballooning or dyskinesia) offers the classic and undisputable evidence of TTS, a potential manifestation of endothelial dysfunction. In fact, both chemotherapy and radiotherapy tend to cause what cardiologists call "coronary endothelial dysfunction," 8, 9 which is an abnormal spastic tendency in the coronary tree that can manifest not only as angina, 9 but also as TTS. [8] [9] [10] [11] Indeed, one of the most intriguing and potentially revealing theories in the field of TTS is that substantially increased coronary spasticity may lead to diffuse, transient spastic obliteration of coronary arteries and to critical ischemia, which can be reproduced by acetylcholine testing early after a TTS episode (Figures 1 and 2) .
Normally, acetylcholine testing causes vasodilatation. Severe coronary spasm seen in the first days after a TTS episode (Figures 1 and 2) can quickly resolve after intracoronary infusion of nitroglycerine. 8 Additionally, acetylcholine-induced spasm produces chest pain, ischemic changes on electrocardiographic images, and left ventricle dysfunction of the same type observed at TTS onset. To some, this behavior is evidence that spasm is the clue or natural effector in TTS. 8, 11 To complicate the issue, clinical experience shows that increased spasticity is a transient event that usually disappears during the first 1 to 10 days and does not recur in 95% of cases, even when precipitating factors like stress or anxiety persist. 12 Results from the large GEIST (German Italian Stress Cardiomyopathy) Registry Study indicated a TTS recurrence rate of 4.0% during a median follow-up of 2.3 years. 12 It is critical to recognize the spontaneous disappearance of increased spasticity (positive acetylcholine testing), even if the reason for such resolution is yet unknown. Disappearance of unusual coronary spasticity cannot be taken as evidence that spasm is not involved in TTS; it is part of the process (Figure 1 ). Although death caused by recurrent TTS is rare, it is more likely to occur in critically ill cancer patients. 12 We acknowledge that the preferred explanation for TTS is the catecholamine theory, which is responsible for the nomenclature "stress cardiomyopathy." The scientific basis for this theory has been greatly weakened by indirect evidence (serum catecholamine levels are rarely obtained in clinical settings, 12, 13 as their utility in understanding or treating TTS is generally considered trivial). 14 Questionable experimental animal models notwithstanding, 15 strong evidence against the catecholamine theory was directly supplied by a systematic review of detailed reports of pheochromocytoma patients who, despite having high catecholamine levels for years, had a low probability of clinical TTS presentation at each catecholamine surge, and typically have had only 1 episode of TTS, even before the "causative" tumors were removed. 16 TTS-C may turn out to be similar to pheochromocytoma, in that both feature obvious, potential triggering factors and increased risk for spasm, because of endothelial dysfunction.
Cardiomyopathies in TTS-C
The present InterTAK registry presentation 1 did not clearly resolve 2 critical, potentially achievable TTS-C-related points:
(1) What are early and late causes of death after a TTS-C episode? (Acute cardiac event? Cancer? Chronic cardiomyopathy?); and particularly (2) What are the causes of cardiomyopathy? It appears that reliable differentiation between TTS and diffuse (toxic) subacute/chronic chemotherapy-related cardiac dysfunction 17 was not prospectively investigated by Cammann et al. 1 Knowing the difference between the 2 is critical for defining the clinical benefits or risks of chemotherapy in TTS-C and for gauging the value of similar registry studies on late prognosis after TTS-C. Recent estimates suggest that 10% of patients receiving chemotherapy have chronic cardiomyopathy, and 60% die within 2 years of diagnosis. [17] [18] [19] Generally, segmental and reversible cardiomyopathy is more likely to be TTS-C related. Conversely, fixed or progressive diffuse cardiomyopathy is probably related not to coronary spasm, but to apoptosis, myocardiolysis, or interstitial fibrosis. [17] [18] [19] When the presentation is borderline, acetylcholine testing is an especially useful method for differentiating the 2 forms.
Incidentally, the importance of establishing a TTS-C diagnosis is fundamental, as it can affect cardiological treatment decisions. Giza et al 20 recently published results Figure 1 . A diagrammatic depiction (according to authors' preliminary opinion based on their own experience, absent definitive accepted evidence) of the critical interplay between cancer, chemotherapy (the predisposing factor), endothelial dysfunction, and the biological history of a transient Takotsubo syndrome in cancer (TTS-C) episode. We believe that endothelial dysfunction is at the base of TTS-C, by way of a sudden spontaneous spasm of great extent and severity (previously unrecognized by most investigators). We also propose that endothelial dysfunction improves quickly after 1 TTS-C episode, as suggested also by the rarity of recurrence. "Time window" indicates the expected interval at which acetylcholine testing is positive. Ach+ indicates acetylcholine-positive testing; LV, left ventricle. from 275 patients admitted to a tertiary cancer center with an initial diagnosis of acute coronary syndrome; only 11% were diagnosed as probable TTS-C, when studied by coronary angiography and follow-up (no acetylcholine testing).
Conclusions
It has become increasingly clear in recent years that TTS is probably more frequent than expected in noncancer patients, but we especially need a solid basis for achieving specific TTS diagnoses. Acetylcholine testing could greatly aid the diagnosis of TTS and would doubtless clarify the treatment options for, and improve the safety of, critically ill cancer patients.
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A B C Figure 2 . In a typical case of transient Takotsubo syndrome in a patient with cancer, a 68-year-old man with a recent diagnosis of abdominal lymphoma presented with severe chest pain and dyspnea. Electrocardiographic imaging indicated acute coronary syndrome (ST-T changes, mild troponin elevation). Coronary angiography (A) did not show significant coronary lesions, whereas left ventricular angiography showed severe inferior and anterolateral hypokinesia or akinesia (left ventricular ejection fraction [LVEF]=18%, not shown). Intracoronary acetylcholine test (50 lg) provoked subtotal occlusion of all left coronary branches (B) and severe hemodynamic imbalance, followed by total resolution after intracoronary nitroglycerine infusion (C). Medical treatment (vasodilators) allowed quick recovery. LVEF returned to normal in <10 days.
